Introduction: Transcatheter arterial chemoembolization (TACE) is the first-line treatment for intermediate stage hepatocellular carcinoma (HCC) and prolongs survival in HCC patients. However, repeated TACE results in diminished therapeutic response. In addition, the superiority of sorafenib to TACE monotherapy or combined therapy in patients with HCC is still controversial. The prognosis of HCC has many variables and, thus, the effect of a specific treatment is difficult to evaluate. The frequency of treatments per year (FT rate) used in this study was obtained by dividing the total number of radiofrequency ablations and TACE or transcatheter arterial infusion treatments by the years of survival. The aim of this study was to evaluate the overall survival (OS) of TACE versus sorafenib using the FT rate.
INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for 7.5% of all cancers and is the second most common cause of cancer-related death worldwide [1] . There is a lack of effective therapy for the treatment of advanced HCC and many cases have a poor prognosis. Although there is an initial beneficial response in patients receiving surgery, the recurrence rate of HCC after surgery ranges from 60% to 90% over 5 years [2] [3] [4] . Transcatheter arterial chemoembolization (TACE) is the first-line treatment for intermediate stage HCC patients with recurrence or unresectable HCC [5] . TACE prevents recurrence of HCC for up to 6 months after surgery [6] , and shows improved survival [7, 8] . However, with repeated TACE, therapeutic response often is diminished [9] .
Sorafenib, a molecular-targeted drug, inhibits the Raf/MEK/ERK signaling pathway that controls tumor cell proliferation and inhibits neoangiogenesis by blocking VEGF receptors (VEGFRs) [10] . Phase III randomized controlled trials showed that patients with advanced HCC who received sorafenib had significantly prolonged overall survival (OS) compared with those who received placebo [11, 12] .
The effects of therapeutic strategies including repeated TACE monotherapy, TACE and sorafenib combination therapy, sorafenib maintenance therapy after TACE, and switching therapy from TACE to sorafenib after TACE refractory in patients with HCC have been widely reported; however, the results remain controversial [13] [14] [15] [16] . In addition, a number of meta-analyses of TACE and sorafenib combination treatment have shown conflicting data [17] [18] [19] [20] [21] [22] , indicating the difficulty of evaluating HCC treatment.
We previously reported that the therapeutic strategy of early switching to sorafenib with TACE as a maintenance therapy prolonged progression-free survival (PFS) compared with repeated conventional TACE monotherapy in HCC patients unresponsive to TACE [23, 24] . In the present study, we employed an index obtained by dividing the total number of radiofrequency ablation (RFA), TACE, and transcatheter arterial infusion (TAI) procedures by the years of survival to evaluate the efficacy of repeated TACE monotherapy and early switching from TACE to sorafenib therapy on OS.
METHODS

Patients
Patients treated with curative radiofrequency ablation (RFA) against primary HCC from January 2000 to December 2015 were selected and retrospectively evaluated. Sorafenib was approved for the indication of HCC in 2008 in Japan. This study aimed to evaluate the effect of the change in the therapeutic strategy for HCC before and after approval of sorafenib in Japan. Intermediate/advanced stage HCC patients whose treatment had been switched from TACE to sorafenib with maintenance therapy of TACE after being found unresponsive to TACE were designated the sorafenib (SOR) group; those treated with repeated TACE monotherapy alone were designated the control (CON) group. We compared the OS of the SOR group with that of the CON group. The diagnosis of HCC was based on typical findings from imaging such as arterial hyperattenuation and portal hypoattenuation from dynamic contrast-enhanced CT or gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) MRI.
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the 2013 revised Helsinki Declaration of 1964. Informed consent was obtained from all patients included in the study.
Methods
FT Rate and Survival
The frequency of treatments per year (FT rate) was determined by dividing the total number of RFA and TACE/TAI procedures undergone by the years of survival. To evaluate the relationship between FT rate and survival, the CON group was divided into four subgroups according to FT rate as follows: group A,\0.5; group B, C0.5-\1.0; group C, C1.0-\2.0; and group D, C2.0. Cumulative survival rates were estimated for every subgroup using the Kaplan-Meier method. To evaluate factors influencing survival other than sorafenib, univariate and multivariate Cox proportional hazard regression analyses were conducted in the CON group. The following were considered to be independent variables in the hazard model: age, gender, number of RFA, TACE, and TAI procedures undergone, HCV-Ab, albumin, total bilirubin, ALT, PT activity, platelet count, alpha-fetoprotein (AFP), des-c-carboxy prothrombin (DCP), tumor count, tumor diameter, and FT rate.
Effect of Sorafenib on Survival
To evaluate the effect of sorafenib on survival, we used propensity scoring to extract an FT rate matched cohort. The propensity score was calculated using the FT rate, and the FT rate matched one-to-one cohorts consisting of SOR patients (mSOR group) and CON patients (mCON group) were determined. The cumulative survival rate was evaluated using the Kaplan-Meier method, and 5-and 10-year survival rates were compared for both SOR vs. CON and mSOR vs. mCON. Factors influencing survival were evaluated using univariate and multivariate Cox proportional hazard regression analysis of the FT rate matched cohorts. Univariate analysis was performed using the following independent variables: age, gender, sorafenib administration, FT rate, tumor count, tumor diameter, albumin, total bilirubin, PT activity, AFP, and platelet count. Sorafenib was administered to TACE-unresponsive patients diagnosed with progressive disease (PD) twice in a row 1 or 2 months after TACE. The starting dose of sorafenib was 400 mg/day and, in principle, the daily dose was increased up to 800 mg/day according to patient acceptability. In the SOR group, TACE or TAI was performed as a maintenance therapy according to response of tumor. PD was defined according to the modified response evaluation criteria in solid tumors (mRECIST) [25] .
Patient Background and Treatment
Patient background information included the following: age, gender, median OS, number of RFA/TACE/TAI procedures, HCV-Ab, excessive alcohol intake, Child-Pugh classification, albumin, total bilirubin, ALT, PT activity, platelet count, AFP, DCP, tumor count, and tumor diameter. For the SOR group, dose, treatment duration period, and adverse events (AEs) were collected. A dose of sorafenib that was continued for more than 1 month was defined as the maintenance dose. AEs were determined according to Common Terminology Criteria for Adverse Events (CTCAEs) version 4.0. TACE procedure had been performed using the Seldinger technique with specific procedures. After routine preoperative preparation, a 5-Fr catheter was inserted into the celiac trunk, hepatic artery, or superior mesenteric artery through the femoral artery on the basis of the tumor arterial blood supply confirmed by arteriography. With fluoroscopy guidance, the tip of the catheter was inserted into the super-selected tumor-feeding branches with the help of a guidewire. After the position of the catheter was confirmed by fluoroscopy, the target vessel was embolized with an emulsion of mixed mitomycin (2-10 mg) and doxorubicin (10-40 mg) with lipiodol (2-20 mL). If necessary, a gelatin sponge or polyvinyl alcohol particles were injected to embolize tumor-feeding arterioles.
Statistics
Descriptive statistics were expressed as percentage, median (interquartile range), and mean ± SD. Factors influencing survival were evaluated using Cox proportional hazard model, and multivariate analysis was performed using significant variables in the univariate analysis. Survival was censored at December 31, 2015. The cumulative survival rate was estimated using the Kaplan-Meier method of comparing values with a log-rank test. Five-and 10-year survival rates were estimated using a log-normal distributed regression model applied to the probability distribution of OS. ANOVA, Chi square test, and Fisher's exact test were applied to compare variables between groups. Alpha was set at 0.05; all p values were two-sided. To reduce the influence of bias, propensity score matching was utilized to adjust the differences between groups. The propensity score was estimated by employing a logistic regression model with exposure or not to sorafenib as the dependent variable, and the FT rate was defined as an independent variable. A nearest available neighbor-matched analysis on the basis of the estimated propensity score of each patient was one-to-one matched. Statistics were generated using StatView, version 5.0 and JMP, version 11.0.
RESULTS
Patient Characteristics
Baseline patient characteristics in the SOR group, the CON group, and the CON subgroups are shown in Table 1 . The SOR group showed a lower median age and more RFA/ TACE/TAI procedures than the CON group. Among the subgroups, significant differences were found in median OS, numbers of RFA/ TACE/TAI procedures, proportions of Child-Pugh class B or C, albumin, total bilirubin, PT activity, platelet count, and tumor count. Among the subgroups, median OS decreased as FT rate increased. The SOR group showed relatively longer median OS for their FT rate.
FT Rate and OS
Significant differences were found in the cumulative survival rates among subgroups A to D (Fig. 1) . Among the subgroups, survival curves showed that the cumulative survival rate decreased as the FT rate increased. Table 2 shows factors influencing survival in the CON group. The multivariate analysis identified the number of RFAs (HR 0.56, p\0.01), TACEs/ TAIs (HR 0.85, p\0.01), and an FT rate of C1.0 (HR 30.3, p\0.01) as influential variables for OS. Table 3 shows patient characteristics of the FT rate matched cohort. Significant differences were found in gender, number of RFA procedures, number of RFA/TACE/TAI procedures, albumin, and AFP between the mSOR and mCON groups. There were more RFA and RFA/ TACE/TAI procedures in mSOR compared with the mCON group. Figure 2 shows the cumulative survival rates for all patients and the FT rate matched cohort. No significant differences were found in the cumulative survival rate between the SOR and CON groups (p = 0.71) (Fig. 2a) . However, there were significant differences in the cumulative survival rates between the mSOR and mCON groups (p = 0.005) (Fig. 2b) . The estimated 5-year survival rates were 57.6% and 28.8% in the mSOR and mCON groups, respectively, and 10-year survival rates were 19.0% and 5.2%, respectively. Table 4 shows the factors influencing OS in the FT rate matched cohort. As a result of univariate analysis, gender, age, sorafenib, FT rate, and platelet count were found to be significant variables. Multivariate analysis identified that sorafenib (HR 0.42, p = 0.008) and FT rate (HR 2.86, p\0.001) were significantly associated with OS.
Sorafenib and OS
Sorafenib Dose Modification and AEs
Median (interquartile range) and minimum and maximum administration periods of sorafenib were 373 (83-656) and 10 and 1752 days, respectively. Percentage and number of patients according to maintenance daily dose of sorafenib were as follows: 200 mg, 10.8% (n = 4); 400 mg, 59.5% (n = 22); 600 mg, 18.9% (n = 7); 800 mg: 10.8% (n = 4). A total of 24 patients (64.9%) discontinued sorafenib treatment. Reasons for discontinuation were disease progression (n = 22) and AEs (n = 2); hepatic dysfunction (n = 1) and palpitation (n = 1). The percentage of patients with a maintenance daily dose of sorafenib C400 mg/day was 89.2%.
Drug-related AEs were found in all patients. The most common drug-related AEs were hand-foot syndrome (32.4%) followed by diarrhea (16.2%) and malaise (13.5%). Two patients 
DISCUSSION
We retrospectively compared the OS from repeated TACE monotherapy with early switching therapy from TACE to sorafenib in patients unresponsive to TACE with intermediate/advanced stage HCC. The cumulative survival rate decreased as the FT rate increased in the CON group, which consisted of patients treated with repeated TACE monotherapy before clinical application of sorafenib. Although no significant difference was found in OS between the SOR and CON group, the mSOR group showed significantly longer OS compared with the mCON group in the FT rate matched cohort.
The results of the present study indicate that repeated TACE/TAI therapy contributes to prolonged survival. Notably, univariate regression The SOR group had received more RFA and TACE/TAI procedures and showed a higher FT rate compared with the CON group. The FT rate of the SOR group compared with CON subgroups shows that it lies midway between the C and D groups (Table 1) . Median survival of the SOR group was longer than that of the C group, even though the FT rate of the SOR group was higher than that in C group, indicating that sorafenib might contribute to maintain a condition acceptable for receiving treatment in patients with intermediate/advanced stage HCC. The FT rate was strongly associated with the survival, and the HR (95% CI) for death was 30.3 (16.7-55.6) in patients with an FT rate of C1.0. The survival was affected by various conditions including tumor progression, [26] . Our findings indicate that various factors, other than the therapy drugs, strongly affected outcome including OS in patients with HCC. Considering the above, the FT rate may be useful in evaluating the outcome of specific treatments in a population of patients at various stages and receiving different treatments. In the FT rate matched cohort, the numbers of RFA and RFA/TACE/TAI treatments were significantly higher in the mSOR group compared with the mCON group. In theory, FT rates being equal, more TACE/TAI procedures correspond to a longer survival period. The numbers of TACE/TAI treatments were higher in the SOR group compared with the CON group. Reported side effects of TACE are increased vascular endothelial growth factor (VEGF) expression and increased possibility of the recurrence of HCC [27] . Sorafenib inhibits neoangiogenesis by blocking VEGF receptors [10] . Zhang et al. reported the possibility that sorafenib reduces the side effects of TACE via pharmacological action thorough the VEGF receptor 2 pathway [28] . These findings indicate that sorafenib suppresses tumor growth and maintains a condition that can be treated by TACE/TAI.
However, both Kudo et al. and Lencioni et al. reported that sorafenib did not contribute to OS from maintenance therapy after TACE or combination therapy with TACE. In Kudo's study, sorafenib was started at 9 weeks or later after TACE in over 50% of patients and sorafenibtreated patients required dose reductions (73%) and/or interruptions (91%) [15] . In Lencioni's This study has a several limitations. First, this is a retrospective analysis and thus it is impossible to eliminate all bias and confounding factors. Second, the FT rate does not reflect the treatment interval, which may fluctuate with state of disease. Third, the FT rate was determined using the total number of treatments of RFA, which is a curative treatment applied to early stage HCC, and TACE, which is not a curative treatment applied to intermediate stage HCC. Fourth, the term of survival was calculated with HCC diagnosis as the starting point and was not calculated from diagnosis to loss of response to TACE. Fifth, the propensity score was calculated using only the FT rate, without considering other factors. Therefore, this study should be interpreted as the proof of concept for the FT rate.
CONCLUSION
For those patients not expected to have longterm survival from repeated TACE monotherapy, early switching to sorafenib from TACE may prolong OS. The present study indicates that the FT rate is a useful index in evaluating the outcome in patients at various stages of disease and receiving various treatment regimens.
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